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Surface studies of fly ash zeolites via adsorption/desorption isotherms
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Zeolites of types Na-A (Linde, LTA) and Na-X (Faujasite, FAU) are perspective adsorbents in environment protection
systems due to their extremely developed surface area and pore size exceeding molecular diameter of variety gaseous
pollutants. Recently, synthetic analogous of these zeolites being obtained of aluminosilicate residues for saving natural
resources. In this study LTA and FAU zeolites were synthesized by alkaline conversion of coal fly ash by different
techniques in order to be further applied for adsorption of carbon dioxide from flue gases. The main key factors
predeterminating the adsorption ability of solids are their surface and porosity characteristics. For these considerations,
selected samples were subjected to surface studies by the help of surface area and porosity analyzer Tristar 11 3020,
Micromeritics. Experimental adsorption/desorption isotherms were measured at 77 K using analytical gas nitrogen 5N.
Specific surface areas (Sger, m?/g) of the investigated samples were evaluated applying the standart multi-point
Brunauer-Emett-Teller (BET) model to the adsorption data. The raw fly ash is characterized with a very low specific
surface area of 10 m?/g, while Sger values for the fly ash zeolites (FAZ) of Na-X type were found in the range of 125-
250 m?/g depending on the synthesis procedures applied. The highest specific BET surface area of 280 m?/g in the
frame of this study was measured for FAU type coal fly ash zeolite, obtained by atmospheric self-crystallization for
about of a year. However, FAZ possess three times lower Sger values in comparison to a referent zeolite Na-X prepared
from pure components. Mesopore distribution was studied by the Barrett-Joyner-Halenda (BJH) model applied to the
experimental desorption isotherms. Micropore volume/area yield was computed from the adsorption data using t-plot
model.
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INTRODUCTION adsorbents for carbon dioxide uptake from flue gas

Since tens of years, enormous amounts of ash streams. Physical adsorption of (CO; on .SOI'dS
residues including bottom ash, boiler slag and fly POSSESSEs a numl_Jer of ad\{antag_es In comparison to
ash (FA) are generated all over the world by coal the broadly studied chemisorption by amine-based

spplicd Thermal Power plants (TPP), Recnty, S0 Soniing of el fessbity, o
different approaches for high-value added utilization 9y ption, P

of coal ash in practice have been developed instead gfj\ggisl;sr:[[ltﬁult?t)lzerlj(zsz eo\fvithf)iiorllgsag ar!ijqu(;g::[
of its disposal in landfills [1,2]. Thus, this solid by- P g ’

product became a raw material for production of effectiveness [7]. Pressure (PSA) and vacuum swing
building  materials, composites, agricultural adsorption (VSA) have been considered as the main

amendments, geopolymers, low-cost adsorbents, as potential techniques for cap'gure of CO, f“’m f!ue
well as a source for separation of ferrous oxides gas flows [8,9]. Many studies on carbon dioxide

(magnetite, hematite) or for extraction of titanium sequestration on commercial 5.A .(CQA) an(_:i 1.3X
oxide, alumina, cenospheres, etc. Due to (NaX) zeolites have been done indicating their high

aluminosilicate macro composition of FA, its
conversion into zeolites has been widely
investigated [3,4]. Fly ash zeolites (FAZ) similarly
to their natural and pure synthetic analogies are
perspective  materials for many advanced
applications such as ion-exchangers, molecular
sieves, and adsorbents [5,6]. Making efforts for
finding a solution of global warming by reduction of
the greenhouse gas emissions exhausted into the
atmosphere, zeolites have been studying as potential
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capacity and preferential adsorption toward CO.
[10,11]. FAZ have to meet a numbers of
requirements mostly directed to their surface
properties for being competitive in practice. The
most recently, the research interest has been
provoked by the FAZ suitability as adsorbents of
carbon dioxide in post-combustion carbon capture
systems striving to develop zero emission TPP [12].
However, the implementation of such innovative
technology claims materials with extremely
developed specific surface area and appropriate pore
size distribution.

This study is focused on the evaluation of the
main surface characteristics of fly ash zeolites of
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Na-X (Faujasite, FAU) and Na-A (Linde, LTA)
types by experimental adsoption and desorption
isotherms in comparison to those of the raw fly ash
and pure synthetic zeolite Na-X as a referent.

EXPERIMENTAL

FAZ were synthesized by alkaline conversion of
lignite coal fly ash collected by the electrostatic
precipitators of TPP “Maritza East 2” in Bulgaria.
Chemical and phase composition, morphology and
the main thermal properties of the raw FA were
previously studied [13]. Zeolite phases were
obtained by three manners of alkaline activation of
FA, as follows: (1) double stage fusion-
hydrothermal synthesis; (2) self-crystallization of
FA/sodium hydroxide mixtures at room conditions;
(3) hybrid fusion/self-crystallization method. The
influence of the synthesis conditions on the
morphology, phase composition and crystallinity of
the obtained zeolites was investigated [14,15].

Nitrogen adsorption/desorption isotherms of
selected FAZ samples, raw FA and a referent Na-X
obtained from pure starting components were
measured at 77 K using a volumetric adsorption
analyzer Tristar 11 3020, Micromeritics. Samples
were preliminary degassed in a set-up FlowPrep 60,
Micromeritics, at 260 °C for 2 h under helium flow.
BET specific surface areas (Sger, m?/g) were
evaluated applying the multi-point Brunauer—
Emmett—Teller (BET) model for description of the
experimental nitrogen adsorption data in the range
of relative pressures p/po corresponding to formation
of monolayer. Mesopore distribution for the
investigated FAZ, FA and the referent zeolite Na-X
(FAU) was studied from the desorption branch of
the isotherms by the Barrett-Joyner-Halenda (BJH)
model. The theory of the models can be found in
Ref. [16]. Micropore volume/area yield was
evaluated using t-plot model for the adsorption data.

RESULTS AND DISCUSSION
Preliminary studies

The raw FA used for these studies is mostly
aluminosilicate material consisting of SiO, and
Al,O3 in a ratio of 2.25, as their total amount
exceeds 76 wt. %. The amorphous vs. crystalline
part was found to be 43/57. FA was used as a
starting material for synthesis of zeolites by alkaline
activation with sodium hydroxide (NaOH) applying
three different methods for preparation, designated
as follows: (1) atmospheric self-crystallization; (2)
two stage fusion-hydrothermal synthesis and (3)
two-stage  fusion-atmospheric  crystallization.
Synthesis conditions of the investigated samples are
summarized in Table 1, while more detailed
description can be found in Refs. [15,17]. The
obtained FAZ were studied by X-ray diffraction
(XRD) and scanning electron microscopy (SEM) to
identify their phase composition and morphology.
The predominant zeolite phase obtained at different
synthesis conditions is indicated in Table 1.
Nz-adsorption/desorption isotherms

The experimental  Nj-adsorption/desorption
isotherms of the investigated FAZ, starting FA and
referent Na-X zeolite are plotted in Fig.1l. The
isotherms represent the function between the
amount of the adsorbed gas (mmol) by unit mass of
solid (g) and the relative pressure p/po, which is the
ratio between the equilibrium (p) and the saturation
pressure (po) at T=77 K.

The types of the isotherms were described
according to the IUPAC classification (1985). A
thorough analysis of the shapes of different
physisorption isotherms in view of material
structure has been made in Ref. [18]. FA shows a
N2-adsorption isotherm of type Il that is usually
typical for non-porous or macroporous materials
with relatively small specific surface area (Fig. 1).
An adsorption-desorption hysteresis loop of H3
shape, which is normally attributed to materials

Table 1. Synthesis conditions of FAZ samples.

Fusion at Synthesis

Method of FAZ FA/NaOH NaOH Time of FAZ
Sample svnthesis Fatio M 90 °C for temperature, wnthesis  tvbe
y 1 hour °C y yp
A2 Atmospheric self- 1/0.6 15 NO approx.20  240days X
crystallization
Atmospheric self-
A-3 crystallization 1/0.6 15 NO approx. 20 360 days X
FH-5  wostagefusion- ) g 2 YES 90 ahours A
hydrothermal
FH-7 Two stage fusion- 1/2.4 3 YES 90 4 hours X
hydrothermal
FA-1 Two stage fusion- 1/1 2.5 YES approx. 20 30 days X

atmospheric
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containing slit-shaped pores can be observed.
Physical sorption isotherms of type Il have also
been reported for F-class FA in other investigations
[19]. The referent Na-X sample exhibits adsoption
isotherm of type | with a narrow desorption loop
most similar to H4 shape. The adsorption of N2 on
the Na-X zeolite rises rapidly at low relative
pressures p/pe<0.01 filling almost the entire free
volume available, and thereafter the adsorbed
quantity increases slowly attaining a nearly
horizontal plateau. This is indicative for size-
distribution of micropores in a limited range and for
a very small external surface area. Hysteresis loops
of type H4 are also given by slit-shaped pores, but
in this case the pore size distribution is mainly in a
microscale range. Taking into account the narrow
area of adsoption/desoption loop, it can be assumed

that the FAU used as a referent sample is a
microporous material consisting predominantly of
cylindrical pores with a defined pore width, and a
small yield of slit-shaped pores. At p/po>0.95, the
isotherm of Na-X begins to increase indicating the
presence of some macropores [18]. FAZ FH-5
which is predominantly composed of zeolite A
crystalline phase characterizes with an isotherm of
type Il that is very similar in shape to those of the
raw FA. However, some differences can be
observed between the two isotherms that can be
summarized as follows: at FAZ FH-5 the hysteresis
loop is narrower and the adsorption and desorption
branches coincide at p/p, below 0.4, while at FA a
very small deviation between the branches can be
observed resulting in an opened isotherm.
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Fig. 1. Experimental Nz-adsorptioh/desorption isotherms of the raw fly ash, fly ash zedlites and referent Na-X.
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FAZ FH-7, FAZ A-3 and FAZ FA-1 are mainly
composed of Na-X phase obtained from one and the
same raw material by different techniques. The all
investigated Na-X fly ash zeolites exhibit isotherms
very closed to type IV with hysteresis loops of H4
shape. Unlike to the pure FAU, adsorption of N, on
Na-X FAZ takes part slightly in the monolayer
region (less than 2 mmol/g) and much stronger at
higher p/po values. At middle p/po range a
progressive adsorption process takes part leading to
capillary condensation in mesopores. Adsorption
and desorption branches do not go over describing
open isotherms with broad loops, which are
indicative for wide pore size distribution and the
presence of narrow slits. The broadest hysteresis
region is observed for FAZ A-3. Sample FH-7
behaves very sharp adsorption at high pressures
p/po —1, which can be obeyed by macropore filling.
The adsorption capacity of the pure Na-X toward N
at studied conditions reaches about 10 mmol/g,
while those of FAZ varies between 5.0 and 7.5
mmol/g at p/po=1, as the highest values are reached
for ash zeolites obtained by a double stage fusion-
hydrothermal synthesis. FA is characterized by a
negligible N, adsorption capacity around 1.3
mmol/g.

BET specific surface area

The BET specific surface area (Sger, m?/g) of the
investigated samples was evaluated applying the
multipoint Brunauer—Emmett-Teller (BET) method
to the experimental nitrogen adsorption data .
Taking into account the transform contributed by
Rouquerol et al. [20] for adjusting range used for
fitting BET parameters at microporous materials, it
was found that for the investigated FAZ, the
function 1/Q[(po/p)-1]=f(p/po), where Q is the
adsorbed volume, is linear in the range p/po=0.01-

0.05, corresponding to the monolayer adsorption
region, where the BET constant C takes positive
values.

Seer values correspond to the total area, that
includes the external surface of the particles and the
internal surface described by pores. Typical BET
plots for Na-X FAZ and the referent Na-X are
presented in Fig. 2.

It is clearly seen the linearity of the adsorption
functions at p/po=0.01-0.05 and the positive Y-
intercept (C>0), which is indicative for the
reliability of the BET calculations. Into the insertion
in Fig.2, the knee of monolayer adsorption is
presented.

The obtained data for Sger are summarized in
Table 2. Fly ash has a very low BET surface area of
10 m?g, whereas FAZ zeolites possess Sger values
from 6 to 28 times higher. FAZ of Na-X types are
characterized with higher values of BET surface
area than those composed of Na-A phase. The
highest Sger is measured for FAZ A-3 due to its
strongest crystallinity in comparison to the other
samples. Fly ash zeolites of Na-X type have three to
five times lower specific surface area in comparison
to the referent FAU sample. Despite of this and
taking into account the benefits of ecological effect
of FA conversion into zeolites, FAZ of Na-X type
obtained by different techniques are characterized
with sufficient surface characteristics, which make
them suitable materials for gas-adsorption purposes
for removal of different atmospheric pollutants.

Micro- and mesopore volume/area distribution

The internal surface area described by
micropores (Smicro, M?/g) and the micropore volume
(Vmicro, M3/g) was calculated using t-plot model
(Table 2). Macro- and mesopore size distribution
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Fig. 2. BET plots for FAZ and referent Na-X.
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Table 2. Surface characteristics and porosity of raw fly ash, fly ash zeolites and referent Na-X.

Characteristics Samples

FA A-3 A-2 FH-5 FH-7 FA-1 Na-X
Sger, M?/g 10.4 279.6 262.4 60.7 181.7 146.4 779.8
Smicro, M?/g - 119.4 173.8 - 109.5 455 718.6
Vmicro, CM3/g - 0.048 0.069 - 0.044 0.025 0.275
Smeso/macro, M?/g 13.9 84.6 78.0 77.2 83.8 97.0 62.5
Vmesolmacro, CM/g 0.012 0.116 0.105 0.119 0.103 0.105 0.055
Average mesopore 5.8 5.6 5.7 6.2 5.3 4.8 3.5
width, nm
Average micropore - 1.36 1.29 - 1.33 1.38 1.35
width, nm

0.004

0.003

0.002

0.001

dV/dw Pore Volume (cm¥g-A)

0.000

T T T T T
20 40 60 80 100 120 140 160

Pare Width (A)

Fig. 3. Pore size distribution functions of investigated
FAZ and the referent Na-X.

was studied by the Barrett-Joyner-Halenda (BJH)
model applied to the desorption branch of the
experimental isotherms. The obtained results for
adsorption cumulative surface area (Smesomacro, M?/g)
and cumulative volume (Vmesormacro, CM3/g) of meso-
and macropores with diameters between 1.7 and
300.0 nm, are listed in Table 2. The obtained values
show that the referent zeolite Na-X is mostly
microporous material with a small yield of meso-
and macropores, while FAZ of Na-X type possess
mixed micro-, meso-, and macroporous structure.
Nevertheless, the samples consisting of high
guantity of FAU phase obtained by atmospheric
self-crystallization (A-2 and A-3) and two stage
fusion-hydrothermal  synthesis  (FH-7)  are
predominantly microporous. Evidently, lack of
micropores is observed at FA and FAZ of LTA type,
which corresponds to their isotherms. The highest
yield of meso- macroporosity is observed at the
FAZ obtained by two stage fusion-atmospheric
crystallization.

Pore width distribution functions in the
mesoporous region of investigated FAZ and the
referent Na-X are presented in Fig. 3. Average
mesopore width calculated from desorption data by
BJH method is given in Table 2. The mesoporosity
of FAZ of FAU type and the referent zeolites is
dominated by pores with sizes around 4 nm, while
for FH-5 composed of LTA phase the maximum of
105

distribution function is shifted toward 3 nm but
significant amount of pores with sizes between 4-8
nm can be also observed. That is why, the highest
average mesopore width is obtained at FH-5.
Average micropore width calculated by BET
method varies slightly and is comparable to the
value for the referent Na-X.

The dependence of micropore percentage and the
yield of the Na-X phase is presented in Fig. 4. The
microporosity exceeds as higher is the crystallinity
of the samples obtained by atmospheric self-
crystallization. Sample FH-7 prepared by two stage
fusion-hydrothermal synthesis is characterized with
high yield of FAU zeolite comparable to that at A-3
but contains lower gquantity of micropores.

bed% Na-X =% Smicro
100 —

80 /

o /
S

40 +—

structures

Yield of Na-X phase and micropores in

A2 A3 FH-7

Sample

Fig. 4. Dependence between the yields of micropore
surface area and Na-X phase.

CONCLUSIONS

Fly ash zeolites of Na-X (Faujasite, FAU) type
synthesized from coal fly ash by different
techniques were studied with respect to their surface
characteristics by experimental adsorption and
desorption isotherms. Coal fly ash zeolites of FAU
type obtained by different ways possess similar
adsorption behavior which describes by isotherms of
type IV with hysteresis loops corresponding to a
micro-mesoporous texture. Surface parameters such
as BET surface area, internal micro- and mesopore
surface and volume, as well as pore size distribution
were evaluated applying standard multipoint BET,
BJH and t-plot models to the experimental data. The
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obtained results were compared with those for the
raw fly ash and the referent FAU. The highest
specific BET surface area of 280 m?g was
measured for coal fly ash zeolite of Na-X type, and
despite that is roughly three times lower in
comparison to the referent sample, it enlarges fly
ash surface more than 28 times The yield of
micropores in FAU based on coal ash depends on
their crystallinity and the synthesis technique,
whereas the yield of mesopores is dominant at all
fly ash zeolites. Average mesopore width for Na-X
fly ash zeolites was found in a sort range between
4.8 and 5.7 nm, as the main part of the porosity is
due to pores with width about 4 nm, which is
indicative for structural definiteness. It could be
expected that mesoporosity of fly ash zeolites will
facilitate mass transport though the materials which
will be of benefit for their application for adsorption
of gas molecules. Mesopore size will worse their
selectivity in a case of application as molecular
sieves. On the other hand, it could be expected
stronger affinity toward polar CO, molecules that
will decide the drawbacks of structural diversity.

Acknowledgements: The authors are thankful to the
Technical University of Sofia for the financial
support under contract No. 152PD0020-02; D.
Zgureva thanks to Karoll Financial Group for the
PhD Fellowship.
REFERENCES
1. M. Ahmaruzzaman, Progress Energy Combustion Sci.,
36, 327 (2010).
2. S. V. Patil, S.C. Nawle ,S. J. Kulkarni, Int. J. Sci. Eng.
Technol. Res., 2, 1659 (2013).
3. X. Querol, N. Moreno, J.C. Umana, A. Alastuey, E.
Hernandez, A. Lopez-Soler, F. Plana, Int. J. Coal
Geol., 50, 413 (2002).

106

4. Inada, M., Eguchi, Y., Enomoto, N., Hojo, J., Fuel, 84,
299 (2005).

5. M. Franus, M. Wdowin, L. Bandural, W. Franus,
Environ. Bull., 24, 854 (2015).

6. A. Srinivasan, M. W. Grutzeck, Environ. Sci. Technol.,
33, 1464 (1999).

7. W. Jan, CHEMIK, 67, 889 (2013).

8. L. Hauchhum, P. Mahanta, Int. J. Energy Environ.
Eng., 5, 349 (2014).

9.J. Ling, A. Ntiamoah, P. Xiao, D. Xu, P. A Webley,
Y. Zhai, Overview of CO2, Austin J Chem Eng., 1,
1009 (2014).

10. Q.H. Dirar, K.F. Loughin, Adsorption, 19, 1149
(2013).

11. R.V. Siriwardane , M.-Sh. Shen, E.P. Fisher, Energy
Fuels, 19, 1153 (2005).

12. Ch.-H. Lee, S.-W. Park, S.-S. Kim, Korean J. Chem.
Eng., 31, 179 (2014).

13. S. Boycheva, D. Zgureva, V. Vassilev, Fuel, 108, 639
(2013).

14. S. Boycheva, D. Zgureva, A. Shoumkova, Coal
Combustion Gasification Prod., 7, 1 (2015).

15. D. Zgureva, S. Boycheva, In: Nanoscience Advances
in CBRN Agents Detection, Information and Energy
Security, Eds. P. Petkov, D. Tsiulyanu, W. Kulisch,
C. Popov, Springer 2015, p. 199.

16. D. Ruthven, Principles of Adsorption and Adsorption
Processes, John Wiley & Sons, USA, 1984.

17. D. Zgureva, S. Boycheva, Ecol. Eng. Environ.
Protection, 2, 12 (2015).

18. F. Roquerol, J. Roquerol, K. Sing, Adsorption by
Powders and Porous Solids: Principle, Methodology
and Applications, Academic Press, UK, 1999.

19. M. Wdowin, M. Franus, R. Panek, L. Badura, W.
Franus, Clean Techn. Environ. Policy, (2014).

20. J. Rouguerol, P. Llewellyn, and F. Rouguerol, In:
Characterisation of porous solids, Studies in Surface
Science and Catalysis, 2007, p. 49.


http://www.sciencedirect.com/science/article/pii/S0360128509000604##
http://www.sciencedirect.com/science/journal/03601285
http://www.sciencedirect.com/science/journal/03601285/36/3
http://pubs.acs.org/action/doSearch?ContribStored=Srinivasan%2C+A
http://pubs.acs.org/action/doSearch?ContribStored=Grutzeck%2C+M+W
http://link.springer.com/search?facet-creator=%22Lalhmingsanga+Hauchhum%22
http://link.springer.com/search?facet-creator=%22Pinakeswar+Mahanta%22
http://link.springer.com/journal/40095
http://link.springer.com/journal/40095
http://pubs.acs.org/action/doSearch?ContribStored=Siriwardane%2C+R+V
http://pubs.acs.org/action/doSearch?ContribStored=Shen%2C+M
http://pubs.acs.org/action/doSearch?ContribStored=Fisher%2C+E+P
http://link.springer.com/search?facet-creator=%22Chang-Han+Lee%22
http://link.springer.com/search?facet-creator=%22Sang-Wook+Park%22
http://link.springer.com/search?facet-creator=%22Seong-Soo+Kim%22
http://link.springer.com/journal/11814
http://link.springer.com/journal/11814
http://link.springer.com/book/10.1007/978-94-017-9697-2
http://link.springer.com/book/10.1007/978-94-017-9697-2
http://link.springer.com/book/10.1007/978-94-017-9697-2
http://link.springer.com/search?facet-creator=%22Plamen+Petkov%22
http://link.springer.com/search?facet-creator=%22Dumitru+Tsiulyanu%22
http://link.springer.com/search?facet-creator=%22Wilhelm+Kulisch%22
http://link.springer.com/search?facet-creator=%22Cyril+Popov%22

S.V. Boycheva & D.M. Zgureva: Surface studies of fly ash zeolites via adsorption/desorption isotherms

N3CJIEABAHIMA HA TIOBBPXHOCTHUTE XAPAKTEPUCTHUKU HA 3EOJIMTHU OT
JIETALIA IIEIIEJI YPE3 U3OTEPMU HA AZICOPBLIMA 1 JECOPBLINA

C.B. boituesa, /.M. 3rypeBa*

Texnuuecku ynusepcumem — Coghus, Kameopa ,, Tonnoenepeemuxa u siopena enepeemuxa “,
oya. ,,Knumenm Oxpuocku** 8, Cogpua 1000, bvrcapus

Toctenmna Ha 14 romwu, 2015 r. kopurupana Ha 3 HoemBpu, 2015 T.
(Pesrome)

3eomutute ot Trma Na-A (LTA) u Na-X (FAU) ca nepcrieKTHBHA acOPOCHTH B CHCTEMH 3a ONa3BaHe Ha OKOJHATA
cpena, OaronapeHue Ha M3KITFOUUTEITHO Pa3BUTATa UM MOBBPXHOCT U pa3Mep Ha MOPUTE, HAJBUINABAI MOJCKYITHHUTE
JMUaMETPHU Ha IUPOKA TaMa Ta3000pa3HU 3aMbpcUTeNnd. Hamocieabk MHTCH3UBHO CE CHHTE3UpAT aHAIO3U Ha TE3H
3COJIMTH OT OTIHAIbUHU ATYMOCWIMKATH C IICJ ONMAa3BaHC Ha MPHUPOTHUTE PECYpPCH. 3a IICTUTE Ha HACTOSIICTO
usciensane ca cunresupanu LTA u FAU 3eonutu upes anmkanHa KOHBEPCHs Ha JIETAIIA MEMeN OT BBIVIMINA C OTJICT
MOCJICIBAIIIOTO UM TpWJIaraHe 3a aIcopOlUsITa Ha BBIJICPOJCH JUOKCHI OT JMMHHU Ta3oBe. OCHOBHHUTEC KIIOYOBU
(dakTopH, MPeNONPeNeNsny aicoOpOIOHHATA CIIOCOOHOCT Ha TBBPIUTE BEIICCTBA, Ca TIXHATA TOBBPXHOCT U
MOPHO3HOCT. B Ta3m Bph3Ka ca W3cieIBaHU MOBBPXHOCTHUTE XapaKTEPUCTHKU Ha M30paHu 00pa3yl OT CHHTE3UPAHUTE
BBITIUIHI 3C€0JIUTH C ToMoIITa Ha mopho3uMeTsp Tristar I 3020, Micromeritics. IlocTpoeHn ca ekcriepuMeHTaTHI
M30TepMH Ha ajacopduwms u aecopOiws ¢ aHanutuueH ra3 azor SN npu 77 K. Crenuduunara mwiomr (Sger, mzlg) Ha
M3ClieIBaHUTe 00pa3ily € ONpe/elicHa Ype3 IpuiaraHeTo Ha Mojena Ha Brunauer-Emett-Teller (BET) kbMm ganHuTe OT
ancopOIMOHHNTE M30TepMHU. V3X0MHATA JIETSAINIA TIETIeNl ce XapaKTepU3upa ¢ MHOTO HHCKA CIIeII(pHUIHA TIOBBPXHOCT OT
10 m?/g, mokato cToifHOCTHTE Ha Spet 3a CHHTe3WMpaHuTe TerneaHn Na-X 3e0MuTH ca B Auama3zona 125-250 m?/g B
3aBHCHUMOCT OT YCJIOBHSITA Ha CHHTE3. B paMKuTe Ha HACTOAIICTO M3CJeABaHe, Hal-roysama mosbpxuoct mo BET ot 280
m?/g e usMepena 3a nenesel 3eonut or FAU Tum, mosydeH upe3 caMOKpHCTaIM3alMsl Ha CMeCTa OT JIeTsa Memerl,
HATPUCBA OCHOBA U BOJA B MPOIBIDKCHUE HA OKOJIO ToAnHA. Te3u CTOMHOCTH ca IO TPU MIBTH MO-HUCKH B CPABHCHHUE C
Sget Ha pedepenter Na-X 3¢0JMT, CHHTE3UPAH OT YHUCTH M3XOIHH KOMIIOHCHTH. Pasmpe/eicHueTo Ha ME30IOPUTE Ha
MaTepHAIIUTE 10 pa3Mep € U3UUCIICHO OT TAaHHHUTE OT CKCIICPUMCHTAHUTE JCCOPOIMOHHH U30TEPMH Upe3 MPHUIaraHeTo
Ha Monena Ha Barrett-Joyner-Halenda (BJH). OGembr, miomra ¥ JeabT Ha MHKPOIOPH Ca H3YUCIEHH OT
a7IcOpOIMOHHKUTE U30TEPMH € TIOMOIITA Ha t-plot Moena.
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